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THE genus Cordyceps is of special interest alike to the mycologist and entomologist, on account of the species being parasitic on insects. The peculiar combination of plant and animal has attracted attention from early times, and has given origin to some remarkable ideas as to the assumed medicinal value of such unusual productions. The historical and romantic side of the subject has been dealt with quite recently by Dr. Cookel. Saccardo 2 has collected diagnoses of fifty-nine species, including three which are excluded in the present work: of these, seventeen are arranged under species imperfecte cognitae, and even in the case of many not included in the imperfectly described batch, the specific characters are too brief to ensure certainty of determination. In the majority of instances, . this imperfection is not due to the absence of type or authentic specimens, but to the fact that a considerable number were described Massee.-A Revision of many years ago, before microscopic detail was considered to be an important factor in the discrimination of species, and up to now, these imperfect diagnoses have not been revised. The determination of a very fine species, recently received from Australia, suggested the necessity of a revision of the genus, and the following is an attempt in this direction, so far as practicable from an examination o(the rich collection in the Kew herbarium.
MORPHOLOGY. I
A characteristic feature of the genus Cordyceps consists in the fact that the ascigerous condition always springs from a sclerotium, formed within the body of the insect on which :the fungus is parasitic. In those instances where a conidial form is known, as in C. militaris, the sclerotium is present before the ascigerous phase appears, but is not so compact in texture, and has not so completely destroyed the internal organs of the host at this period as when the ascigerous . condition is developed. The conidial and ascigerous conditions are not met with at the same period, and it is probable that a considerable interval elapses between the appearance of the two phases; a condition of things that would account for the ascigerous stage not immediately following the formation of conidia in artificial cultures.
When fully developed, the sclerotium has completely : destroyed and replaced the internal structure of the larva on which it is parasitic, the skin alone remaining intact; structurally it consists of very compactly interwoven hyaline branched septate hyphae, replete with glycogen and minute . oleaginous highly refractive globules; when dry it is very " compact and hard, and of a whitish colour.
The ascigerous condition usually emerges from the sclerotium at a point between two segments of the skin of the host, and most frequently in the cervical region; it consists of an erect stem-like sterile portion, composed of a fascicle of irregularly parallel septate hyphae, white internally, the Paraphyses are entirely absent. The forms of Isari'a, included at present in the Hyphomycetes, are supposed to be the conidial stage of species of-Cordyceps, and in some instances there would appear to be little or no doubt on this point, although it has not been definitely proved by cultures in a single instance. Tulasne 1 has shown, from the evidence afforded by contiguity of development, that haria farÍ1iosa, Fr., is the conidial condition of Cordyceps militaris, Link. Atkinson 2 has recently studied the development of haria farinosa, Fr., in artificial cultures, and although some very interesting results were obtained, the. ascigerous . condition was not produced. The author concludes as follows: 'Several cultures on artificial media in culture-tubes have been made, but in no case has anything resulted which shows the perfect or ascigerous stage of the fungus. Upon nutrient agar, nutrient gelatine, and beanstems, nothing but the cottony or fluffy growth, covered by the farinaceous fructification, appears. On potato this growth first appears, to be succeeded by the characteristic fructification of the haria-stage. The fact that the haria-stage wil develop readily on various media such as described above, is evidence that it can develop readily as a saprophyte, and is thus more likely to be preserved in greater abundance and in wider distribution than if it were able to propagate itself only on insects.' 2 Artificial cultiires of an entomogenotls fungiis; Bot. Gaz., Vol. xix, p. 129, PI. XIV-XVI (1894). of the Genus Cordyceps. 5 n. Sci. Nat. Bot., sér. iv, Fung. Carpol., VoL. iii,
The fact that Isaria farinosa can develop its characteristic fructification as a saprophyte on other than on insect substratum, demolishes the argument that those so-called species of Isaria not occurring on insects cannot be the conidial of species of C01'dyceps.
Numerous species of Cordyceps have no correlated conidial
form, and on the other hand, stil more numerous forms of Isaria exist, which at present are not suspected of being connected with any known species of Cordyceps. Among the latter may be mentioned more especially Isaria densa, Fries, which has been brought into such prominence by the admirable researches of Giard 1. This fungus is parasitic on the larva of the cockchafer, known in different parts of France as vers blanes, turcs, mans, &c., and is well known as one of the most serious of insect scourges with which French agriculturists have to deaL. Giard has clearly demonstrated, after years of patient research in the laboratory and in the field, that the conidia of Isaria densa can be utilized under certain conditions as an inoculation-medium, resulting in the wholesale destruction of the larvae.
The form-species of Isaria which can with the greatest amount of probability be considered as conidial conditions of species of Cordyceps, assume different forms of development, as shown by Atkinson and Giard, frequently appearing first as an effused, more or less velvety or cottony layerthe Botrytis-form,-and afterwards, influenced by unknown conditions, passing on to the more complex, erect or stipitate form known as Isaria; during this phase of development the sclerotium is formed within the body of the host, and finally the ascigerous form appears. Numerous species belonging to the form-genus Isaria are only known at present as sapro- .vollen and the wall Fig. 4 Massee.-A Revisiol't of as lsaria fucijormis, Berk., occur as true parasites under certain conditions, although usually developing as saprophytes, thus leading up to such truly facultative parasites as lsaria farinosa, the conidial state of Cordyceps militaris, and lsaria densa, which Giard has some reason for suspecting to be the conidial condition of Cordyceps eitomorrhiza.
The genus Hypocrea-as understood in the broader sensemay be looked upon as the type of a number of genera, characterized as such more by the amount of faculative parasitism acquired by their respective conidial forms, than by any strictly morphological characters. The majority of species included in the genus Hypocrea are undoubtedly true saprophytes throughout the cycle of their development; at the same time, some exotic species, whose life-history is unknown, occur on a vegetable matrix which from appearances suggests parasitism, and in the case of certain species occurring on coriaceous leaves, there appears to be very little room for doubt on this point. Epichloë, an alled genus, is mainly characterized by having both the conidial and ascigerous condition developed in the form of a sessile, effused stroma . on the culms of living graminaceous plants. In the genus Claviceps, parasitic on the fruits of graminaceous plants, we have a higher stage 'of development; a conidial condition first appears, followed by the formation of a compact, external sclerotium, which after a period of rest, produces the highly differentiated, stipitate ascigerous form of fruit. It remains to be explained why the members of the two . genera last mentioned confine their attacks to plants belonging to the order Gramineae. Cordyceps -differs mainly from the last-named genus in being parasitic on insects, and in the sclerotium being formed within the body of the host; the additional character of the spores breaking up into their component cells, as given by Saccardo 1, being of no value, C. entomorrhiza has the widest distribution of any known species, being recorded from Europe, Asia, Africa, United States, Australia, and New Zealand.
The Australasian species are remarkable for their gigantic size, as indeed are also the larvae on which they are para- From what has already been said relating to the structure and affnities of the genus under consideration, it is evident that two distinct factors-morphological and biological-are available as affording the basis of a systematic arrangement.
If grouped from a morphological stand-point, the genera Cordylia, Claviceps, and Corallomyces, at least, would be absorbed in the older genus C01'dyceps; this would necessitate the formation of subgenera, which are objectionable from every point of view; hence the biological character is here preferred, as limiting Cordyceps to those species parasitic on insects, the ascigerous condition arising from a sclerotium formed within the body of the host. Entomogenous. Conidial state forming an effused downy weft, or"an erect, clavate, simple or variously branched stroma, consisting of loosely compacted hyphae, which bear the hyaline, continuous, minute conidia at the tips of short branchlets. Ascigerous stage springing from a compact sclerotium formed within the body of the host; stroma differentiated into an erect stem-like, simple or branched, sterile portion, which bears at its apex the fleshy, globose or elongated ascigerous portion; rarely the sterile axis is continued above the ascigerous part, or several elongated fertile branches spring laterally from the erect, sterile stroma. Conidial stage. Several of the specimens have the head covered with conidial-bearing branches instead of perithecia ; these branches are erumpent, like the perithecia, and towards the base of the head are slender, very irregularly branched, , about '5 mm. thick, white, each branchlet bearing at its apex a globose or piriform head, about 1-1'5 mm. across, which is densely covered with min~te, hyaline conidia, 2 x I IJ diameter. The branches become shorter and less branched higher up the ;l~i head, while at the apex they are short and unbranched, bearing a single head at the apex, but this is probably only due to their being younger, the development of the branches being acropetal. The branches consist of very slender hyphae running parallel to the long axis of growth, and expanding like a brush to form the apical head, each hypha bearing a chain of conidia at its tip, the terminal ones becoming free.
So far as I can ascertain from the material at hand, the perithecia follow the conidial development on the same head, but on this point I am not certain.
Ceylon (Thwaites, no. Il20 with sketch). Thwaites' note accompanying the specimens runs as follows. , Peradeniya, Dec. 1868. Parasitic upon the larvae of a lamellicorn insect (one of the Melolonthidae), which feeds upon the young roots of coffee and other plants. NO Stem 1-3 cm. high, 3-4 mm. thick, simple or divided into 2-4 short branchlets, even, glabrous, brown; ascigerous portion 1-2 cm. long, wider than the stem, obtusely cylindric-ovate, dull brownish-purple or flesh-colour, minutely roui:h with the slightly projecting mouths of the perithecia; asci elongated, narrowly c~lindrical capitate, tapering below into a long, sl~nder pedicel, 8-spored ; spores arranged in a parallel fascicle, slightly curved, filiform, ends narrowed, hyaline, multiguttulate, then multiseptate, septa thick, 100-120 x 1 fJ, component Type specimen, in Herb. Kew., examined. The perithecia are cylindrical, narrowed at the base when mature, and in reality quite superficial, but owing to being densely crowded and the mouths somewhat obtuse, they appear, when examined with a pocket-lens, to be almost completely immersed in the substance of the stroma. The spores are at first filled with highly refractive oil-globules, . 1 I
I' t i
IliJ1, I,ll.
: Stem 3--4 cm. long, l cm. thick, equal, pallid, sulcate (obviously due to shrinkage during drying), very minutely velvety at the base; head broadly ovate, livid purple (when dry), 1'5 and I cm., very slightly scabrid from the mouths of the narrowly ovate, completely immersed perithecia; asci narrowly cylindrical, slightly constricted below the capitate apex, narrowed below into a slender, stem-like base, 8-spored; spores arranged in a parallel fascicle slightly twisted on its axis, hyaline, filiform, multiseptate, wavy when free, 170-180 x 1'5 fJ, component cells 6-7 ¡i long, separating readily at maturity.
On larvae buried in the ground. S. Carolina (Ravenel, no. long. These measurements are wrong, being much too large, and probably due toa mistake as to the objective used during examination. The asci in reality measure 200-225 x 7-8 fl. Sphaeri'a sobolijera, Berk., Lond. J ourn. Bot. voL. ii, p.
(1843).
Torrubia sobolifera, Tulasne, SeL. Fung. Carp. ii, p.iO, t. i, figs, 32, 33. On the larva of a beetle, probable on~ of the Melolonthidae. The word sphecophila was introduced by Berkeley in his mention of the species in Fung. Cuben., no. 751, presumably by mistake) and this name has been taken up by Saccardo- 9. Cordyceps curculionum, Sacc., Mich. i. p. 320 (1879); Syl!. ii, no. 5oi3.
Torrubia curculionum, Tulasne, Carpol. iii, p 20 (i 865).
Parasitic on Heilipus celsus, Schoen.
N ear Lima, Peru. Di'strib.-France.
The present fungus was first described by Quélet as . C. larvicola, growing on some undetermined larva. The year following this the S3.me fungus was collected by Boudier, and its host determined as Helops caraboi'des, Panz. Thereupon Quélet re-described the fungus, callng it C. Helopz', giving C. larvi'cola as a synonym. The oldest name is restored in the present work.
18. Cordyceps stylophora, Berk. and Broome, J ourn. Linn. Parasitic on the larvae of Diatraea saccharalis, Fab., the perfect state of which is known in the West Indies as the Type specimens in Herb. Kew.
The specimens were sent to Kew by Mr. John R. Bovell, F.C.S., F.L.S., &c., during the autumn of 1894, and were labelled Cordyceps Bovellii, but C. Barberi, Giard, has been adopted, having priority of publication, and on the assumption that Isaria Barberi, Giard, 1. c., is the conidial form of the ascigerous condition described above.
The larvae are attacked by the fungus while lying in their burrows in the cane-stems. The fungus springs from every part of the caterpilar, hence the stems vary in length, those originating farthest away from the mouth of the burrow being longest, as all the stems appear to grow towards the opening, and push the ascigerous portion into the air. fig. 30 (a small specimen) ; Sacco, Syll.
voL. ii, no. 5030.
Solitary, springing from the cervical region of the caterpilar on which it is parasitic; very variable in size, but always large; stem 6-30 cm. long, 5-8 mm. thick, sub-cylindrical, almost even, simple or rarely forked, one branch usually being much smaller than the other, whitish, the greater portion buried in the ground and covered, more or less, with minute particles of sand; ascigerous portion cylindrical or lanceolate, apex acute or obtuse, 4-8 cm. long, somewhat thicker than the stem; even, perithecia narrowly ovate, completely immersed,the crowded mouths projecting as minute points This curious species, of which I have seen a single specimen only, is almost interffêdiate between Cordyceps and Xylaria, the latter of which it approaches in substance. The clavate tip of the inner membrane of the ascus, and the filiform sporidia, indicate an affnity with the more noble species of Cordyceps (Berk., 1. c.).
As stated by Berkeley, the present species closely resembles superficially certain species of Xylar£a, section Xylodactyla; nevertheless it is a genuine Cordyceps. The perithecia are somewhat crowded, and completely immersed in the stroma; hence the, surface of the head is perfectly smooth and even when dry, the mouths of the perithecia showing as minute depressions when moist. It is not probable that the apical forking of the stem is a constant specific feature, as in other species the branching is often very erratic. Unfortunately no mention is made of its habitat. No mention is made of the habitat, and the base of the stem is quite naked. The perithecia are perfectly superficial, but closely crowded, the n~rrowed mouths giving the superficial granular appearance to the head when seen under a pocket-lens. The structures of the head and walls of the perithecia are truly parenchymatous.
,, thick, surface minutely granular with the slightly projecti~g, obtuse mouths of the ovate, slightly distant perithecia; asci cylindrical, very slightly narrowed just below the capitate apex, base narrowed into a slender pedicel, 8-spored; spores arranged in a parallel fascicle in the ascus, hyaline, filiform, slightly flexuous when free, multiseptate, 85-90 x I'5fl, component cells about 4fl long, not observed to separate.
Growing from the head of a caterpilar, which GrayNotices of Insects which are known to form the bases of Fungoid Parasites, p. i 2-considers as belonging to the N octuidae, and probably to the genus Gorty1la.
China. Also stated to occur in Japan and Thibet. Type specimen in Herb. Kew., examined.
In one of the specimens figured by Berkeley the head is shown to be compressed and inclined to branch at the apex. ,The flattening appears, from examination of the specimen, to be due to shrinkage, being immature and soft when collected. thick, very rugged and irregular, covered with a dense, reddish-brown tomentum, more or less buried in the ground and covered with particles of earth; the apex of each branch is termil1ated by the ascigerous portion, which takes the form of a stag's antler, branched, compressed, axils rounded, tips acute, 3-6 cm. high, with a spread of 3-4 cm., the broadest branches up to l cm. in width; 1-3 such branches spring from the tip of each stem; these branches are at first . minutely velvety and wash-leather colour, becoming glabrous, greyish black, and rough with the superficial, broadly ovate, obtuse perithecia; asci narrowly cylindric-clavate, slightly constricted below the capitate apex, narrowed below into a slender pedicèi, 8-spored; spores arranged in a parallel, slightly twisted fascicle, flexuous when free, hyaline, cylindricfiliform, ends attenuated, multiseptate, 150-175 x 2 ¡t, component cells about 3 ¡t long.
Growing on some undetermined caterpilar, 12-15 cm. long, buried in black, alluvial soiL. The largest and finest species in the genus; specimens in the Kew Herbarium show that the body of the caterpilar is completely filled with the sclerotium before the fungus bursts through to produce its fructification. The sclerotium is very compact, and when dry is as hard as wood, the hyphae forming it are very slender, rarely exceeding 3 ¡t in thickness, sparsely septate, and very densely interwoven. Solitary, springing from the cervical region of a large caterpilar, stroma or stem erect 18-20 cm. long and about l cm. thick, cylindrical, slightly, narrowed at the base, pale brown, very minutely velvety under a lens, even when fresh, becoming longitudinally wrinkled when dry; fertile branches A very distinct and beautiful species, without any near ally. Judging from the presence of numerous particles of sand adhering to the lower portion of the stem, it may be supposed that the caterpilar was buried several centimetres below the surface. The amount of differentiation is more marked in the present than in any other known species, the fertile branches being quite distinct, and erumpent from the upright stroma or stem. The transverse septa of the spores are thick, and when the spores have once become dry, do not thoroughly expand in water, the cell-wall remaining more contracted than the rigid septa, and presenting the appearance shown in Figs Agreeing with the typical form in general appearance and size, also in occurring on the same host; differing in the superficial perithecia being flask-shaped with a long, slender
. ostiolum, and in the component cells of the spore measuring 6-7 x 2 ¡;. New Zealand (Colenso). Gregarious, and springing from a dense felt of yellowish mycelium which partly covers the chrysalis on which the fungi are growing, and ~tends for some distance up the slender stems, which are about 1 cm. long; head cylindrical, On a chrysalis' buried among dead leaves. Java (Kurz).
Type specimen in Herb. Kew., examined. Hdbk. iii, p. 347 (1833) Massee.-A Revi'ioJZ of
".
: .
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:. ¡ y l. On larvae buried in the ground in damp, shaded woods.
S. Carolina (Ravenel, no. 1276 ). On Ni'cobates? sp. indet.
(Host-Index, p. 181).
Type specimen in Herb. Kew., examined. Ravenel's label accompanying the specimen has' Sphaeria acicularis n. sp.?,' but the specific dJagnosis was drawn up by Berkeley, who accepted Ravenel's MS. name.
The apex of the head is not sterile, but as in other species with superficial perithecia, these fall away readily when mature, and had done so from the apex of the head in the specimen described by Berkeley, but in several other specimens of the same species, the head is completely covered 47. Cordyceps falcata, Berk., Decad. Fung. no. 479, in Hook. J ourn. Bot. voL. vi, p. 21I, pI. viii, fig. 2 (i 854); Sacc., SylL. ii, no. 5040. (Plate II, Fig. 15.) Caespitose; stem 1 ~-2 cm. long, about 2 mm. thick, equal, even, glabrous; head elongated, narrowly elliptical, apex acute, slightly curved or falcate, about 2 cm. long, and 4 mm. 
Soc.).
Torrubi'a elongata, Riley, is according to Farlow and Seymour-Host-Index, p. 181-a synonym of the present species. On the other hand, Giard, 1. c., p. 47, considers
Riley's species to be identical with C. Melolonthae, Tul.
Exsi'cc.-Ravenel, Fung. CaroL. Exs., Fasc. iv, no. 28. Stem 3-10 cm. long, 1'5-3 mm. thick, almost straight or variously flexuous or crooked, simple or very rarely forked, minutely velvety at first, then almost or quite glabròus, especially upwards, subcylindrical, ýellowish-brown, longitudinally wrinkled when dry; head cylindrical, narrowing into the stem at the base, apex mQre or less acute, 2-5 mm. broad at the widest part, rough with the large, blackish, broadly ovate, perfectly superficial perithecia ; asci elongated, narrowly cylindrical, slightly tontractéd below the capitate According to Ells and Everhart, 1. c., this fungus grows on larvae of the 'June beetle' (Lach1Zosterna fusca) and other larvae (?) buried in the ground. On Anchylonyca, sp. indet.
South Carolina (Ravenel, nos: J372 and 308o); Texas (Wright, no. 3155) ; California (Harkness, no. 1220)., There is also a specimen in the Herbarium from Gerard, but without locality, although certainly from the United States. The accompanying label is as follows: 'Called the" white grub 49. Cordyceps sphingum, Sacc., Mich. i, p. 3'u (1879) Gregarious, springing from a dense white mycelium which almost entirely covers the host; stem 4-8 mm. high, about 1'5 mm. thick, cylindrical, almost glabrous, even, ochraceous (when dry), sometimes slightly curved; head 3-6 mm. long, cylindrical, obtuse, axial portion not thicker than the stem; perithecia perfectly superficial, large, flask-shaped, mouth Growing from the remains of a moth. Owing to an unfortunate mistake this species is represented growing on a chrysalis. Curtis, no. 6521. No locality given, but undoubtedly from the United States.
The type specimen is in Herb. Kew.
The specimens, along with numerous other packets that had never been examined by Berkeley, were sent to Kew after his death. The present differs from other known species of Cordyceps with free perithecia in the spores being continuous, and as they escaped from the ascus readily when placed in water, it may be assumed that they were mature, and not likely to become multiseptate. In the filiform continuous spores, the species agrees with the genus Clavi'ceps, but differs in developing on an insect, and forming a sclerotium in its anterior. Northern Island (New Zealand); on the larvae of some Orthopterous insect, amongst loose gravelly soil, in the garden of Archdeacon Willams, Tauranga, Poverty Bay.
The above is Berkeley's original account of the species which ~nfortunately I am unable to supplement, the specieñ ot being present in the Herbarium in a mature condition. Tulasne's species, Torrubi'a caespitosa, was received from the same locality as the above species, with which it is obviously synonymous. On the body and feet of Mygale cubaiia, Walker.
Distrib.-Cuba (Ramon de la Sagra).
The conidial form is alone known at present. Montagne's original specific name has been restored. voL. i, p. 85, tab. i, fig. A (1838 Hepialus, of which we received specimens from E. Mawley, Esq., of Rosebank, Berkhampstead, Herts. Several similar specimens were found unclerground in a border of herbaceous perennials, near a good sized lime-tree; they were all found dead, each with a profusion of filaments from the segments behind the head, which appear to have been injured or crushed. They were generally found about i inch below the surface, and the fungoid filaments sometimes emerge from each end of the caterpilar, one being seen in the figure near the extremity of the body. The species may be named after its discoverer Cordyceps Mawleyi. J. 0: Westwood.'
It can scarcely be hoped to recognize in future the object the author had in view. The figure shows a caterpilar with a mass of Isaria-like filaments and a single, slender, flexuous club about 2.5 cm. long.
Dumont d'Urvile).
:. ).
;ylL. no. 1079 (1856) On the perfect form of a member of the GryIldae. Cuba (Wright, no. 890 ).
Apparently the same species-sterile-:groviing on sQme Orthopterous insect, was sent from Ceylon by Thwaites.
60. Cordyceps fulginosii, Cesati, Giorn. Inst. Lomb. Milan, 1848, p. 31; Comm. Crittog. Ital. voL. i, p. 67, t. 6, fig. i (1861 3 (i854); Sacc., Syll. ii, no.
5°49.
This proves, on examination, to be a species of Balanophora, and is described by Hemsley as Balanophora Hookeriana.
Berkeley evidenly suspected something of the kind, as he says, 'Except for its place of growth it might easily be passed over as an imperfect Balanophora.' Its being in contact with a caterpilar is probably quite accidentaL. iÎn, in TuL., CarpoL. iii, p. 1 8';
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